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Abstract 

White it is clear that multiple generic factors lead to autoismrune diseases such as systemic hipns erythematosus (SLE), it 
appear* that an cnvironmoataJ stimuJus id also required to trigger the disease in susceptible individuals. We have previously 
demonstrated that B cdls making crossreacttve antibodies that triad to both phosphotylchorme (PC), a component of 
pneumococcal cell waD polywcharidc, and double stranded DNA (d&DNA) can be found in PALB/c mice immunized with PC 
coupled 10 a protein carrier. While these 3 odUs are nozcaally dimnutad in vivo by apo ptosis, they can be recovered flrt vivo by 
fusion with a ceJi line overdressing the aati-apoptotic gene bd-2. This observation led us to ask whether in vivo expression of 
bcl-2 might abrogate immunologic tolerance during an ongoing immune response. In the present study, we have examined 
BALB/c mice that constitutive!? express a bcl-2 trausgene in the B cell compartment transgenic BALB/c truce have an 
expanded B cell number, but display no evidence of anti-d$DNA antibodies fa the serum even following inunurdzation with PC 
coupled to a protein carrier. Crossreactive anti-PNA, antj*PC P cells can be recovered by hybridoma technology late m the 
primary response, bur do not appear in the memory B cell compartment. Thus, in vivo exprewiftti of bcl-2 can rescue B cefl 
antoreactivity in the primary immune response, but is not sufficient for activation of these B cells ox for their maintenance in the 
memory compartment © 1999 Elsevier Science Ltd. All rights reserved. 

ReywrxiS; Input; Aad-DNA antibodies; Anti-PC antibodies; feeJ-2? Crossreactive ratlbodta 
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1. Introduction 

Systemic lupus erythematosus is an autoimmune dis- 
ease characterized by the production of antibodies 
against a variety of nuclear antigens, including 
dsDNA. Regulation of autoreactive B cells is thought 
to occur at multiple developmental checkpoint*, with 
apoptosis being an important regulatory mechanism. B 
cells arising in the hone marrow that tend self antigen 
with high avidity arc either deleted (Hartley et ah. 



AMnvurttvns: daDNA, 4oubW*rauvkd DNA; PC, pnOSPfcoryl- 
choHne; LPS, Ifpopolysacdiaride; SLE, systemic lupus eryiacrflato- 
sua; KLHj keyhole Umpet hetnocyaxrin; CFA, complete Freuad's 
adjuvant 

♦Ccrrespondmg author. TcL: + I-71M3M0S1; ray +1-71M30- 
- E-maH addnrtt: di90iOJid@aeccnJ.yu.edu (B. Diamond] 



1991; Erikson et ai., 1991; Spatz et el, 1997; Nemazee 
and Burki, 1989) or undergo additional immunoalohu- 
lb ©ene rearrangements to generate non-autoreactivo 
specificities, a process termed receptor editing (Tiegs et 
iL, 1993; Gay et al. f 1993), B cells that experience a 
lower receptor occupancy with self antigen in the bone 
marrow escape deletion and are allowed to circulate in 
a state of clonal anergy (Goodnow et al., 1988; 
Shlomchik et al. 1993; Fulcher and Hasten, J 994) in 
which they are functionally silent and have a shortened 
life span. Aaergy has been shown to be reversible with 
Jipoporysaccharide (LPS) stimulation (Spatz et aL, 
1997, Goodnow et aj„ 1991), suggesting that autoreac- 
tive B cells might be available for recruitment into an 
ongoing immune response- The implications for auto 
immune disease are that generic alterations affecting 
apoptotic pathways might predispose toward the devel- 
opment of autoreactivity, 



Qltf 1-5890/99/5 - see front flutter 1999 Elsevier Science Ltd. All ri#>» reserved, 
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In addition to a gen^ predisporitioii, there may 
J? b7a need for an enViromnental Igf " 
S? development of autoimmune disease. TJ* » 
ro^Sdtythe fact that automnnune straws of mice 
STdClW a reduced onset of disease when teg 
ZktmSam ecnditions (Unui « 

sFEL 1 s star ssss 

SSS 5 double 

anngemc toe ™ ^^itMkul et ai, 

1995). St*s«iu^tly. i 1 ^^ immuwzation with 
cells arise during the response _ IL - __i,. 

Kgulated in vivo during either the primary mot *OMd- 
^response to foreign ™«?*>™ 
the B cell ie«ponse to unmunization whh PO^arwr m 
S-l UansgJnie Eu4c*-2-22BALB/g mice (Sttasser « 

^"show here that anti-dsDNA ^* 
detectable in the serum of «f™ 
BALB/c mice. After immunization f WfcTC. 
^active B cells were readily isototed by_ 
cell fusion during the late primary immune ?<W™*™ 
PC Interestingly, none -r, xd^tmed d^g^ 6 sec- 
ondary immune response. These data "W^JJ 
cr^rLctlve B cells are less strmgendy oontroUed 
SJ^S primary response than during the secondary 
response. 



% Materials and methods 

2.1. Animals and immmUations 

BALB/c transgenic Eu&c/-Z22 mice (Strass* et al., 
l9 91w£e^niously provided by I. Thorbecte at 
New Yo* University with permission *om A Hams 
^W^and Ekze Haultostitutej M^bowne, 
Australia. Animals were housed in a specific pathogen- 
SadJtyW were backorossed to the BALB/c back- 
Sid ft,? six to nine generations Mi* ™» F»* 
Straueritooeally with 100 keyhole hmpet bemocya- 
STSjBD I in 100 ul of Complete Freund's Adjuvant 
£ n FA)Sie (1=1). «d l-^ks ^W- gven an 
mtraperitoneai injection of 50 ug of FC-KLH JWW 
saline. Foi secondary touncunizauens, an additional 



intraperitoneal injection of 50 ug PC-KLH in saline 
was given after 2 months. 

2.2. Generation ofhybridamtu 

Spleaooytes were handled on ice to order to reduce 
ee/loss by apoptosis Fusions were Panned* P ^ 
vionsly described (Fazekas de St Groth ana 
ScEgger, 1980). Briefly, hybridomas were generated 
X 90% rtO 4000 to f«e splenomas Jhlta 
vS fosion partner, followed by selection » J£T 
medium AH cell lines were cloned either in son agar- 
2? Shy ^Sng dilution. Immunized wild type mice 
ZSSSR * spienocytc. while frcW trans- 
genic mi<* yielded two to four times as many cells. 



23. EUSAs 

Antibodies in hybridoma supernatants ^^ff* 
ra £d by EUSA using iaotype-matehed ^ards and 
me^oneeotration of antibodies was normalized prior 
?J5£*-*ped* assays. All btocktog «g- and 
serum antibody dilutions wen; perform^wiih l/o 
BSA in PBS- And*C or mMONAj JJa 
Lected with isotype-spacific "S*" 
coupled to alkaline phosphatase fisher JJJ*-. 
PlSbur&n, PA and Southern Biob^ Bingham, 
AJA/SF plates were developed using the Sigma 104 
CWcal Co.) and OD was measured 
S«5 mu ustog a Titertek Mumscan Phis plate reader 

(Ealabs, Finland). , 9l5 

PC binding assays were performed on F 
EUSA plates fBecton Dfcldnson, Lincoln Park, NJ) 
SSd Snb. 2 ug/well of PCBSA. Sample* were 
SSied for binding to PCBSA tastead of PC-JCLH 
ufoTdlr to avoid detection of antibodies against the 
proteS carrier KLH. This assay can ^ ™ 
lenity anti-PC antibodies (JUy et al., 1996), DMA 
Sag assays were performed on Immulon 1 U 
SynatU cSntilly, VA) ELISA pto ***** 
lO^gMen of calf thymus dsDNA which has been fil- 
Z!t**m a 0.2 urn methyl^ellulose membrane 
Sipore Corporation. Bedford, MA) to remove 
SStranded DNA. Inhibition EIJSAa ware p«- 
?5d by Abating antibody samples .for 20 mtn* 
room temperature with soluble PC^Moade (^ma 
• Chemical Co., St Louis, MO) prior w performing Ae 
d™ binding assay described above. Enhanong 
• S.KAS were performed using a protocol adapted 
ValS and Scharff (1996) to wbidb hybndoma 
^natants were eo-incubated wift serially Wahid 
SSSs of alkaline phc^phatase-labeled secondary 
antibodies for 3 h at 37'C before developmg the assay. 
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Pay*»ftar inrniunbsatioii 



5 «UbX ««* 1*000 for deurioa rf^.^^JiSSd^ta. thamam. 



igO *nibo*« and 1:5000 for ^fj*^^^^'^^ ft** the m**. 

Each line rsprcsenw an averasu tarn 3 raws, 

RT-fCR and sequencing of antibody mRNA 



UNA was made from each cell line ; using the 
UlSpecldt (Biotc^ Houston, TX)- cDNA was geu- 
■Si using Superscript H levexse transenpttte 
SbcoBWrOaithersbwg, MD) according to to 

directions, and antibody genes 
aroohfied by PCR using Vent polymerase (New 

vided buffer .pms 1 mM MgSO* and 1% DMSO. 
A**li&eaU«» were performed using antibody heavy 



w hght chain degenerate primers on the 5' end and 
conSant region primers on the 3' end (* Ught cham, 
T^TOOTGOOAAOATO; n heavy chain. 
GCAGGAGACGAGGGGGA; y heavy chaw, 
GGGGOCAGTGGATAGAC.) When nec«saw, 
Snpfified UNA bands were g^-P^J^f,^ 
STn kit (Qiagen, Santa Clarita, CA). DNA firom 
^rTactionVwas purified for sequels usmgto 
QUqufck lrit.(Qlagen) and resuspended m disuued 

W Automated sequencing on an ABI 377 (Applied 
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FBriOB IgM done, V H 



V» imitation* 



Primary, day * Flf2F6 
^ F14.3P7 



P14.7C7 
F14..4A2 
F14.3C8 
F14.4D5 
Fl4>6A12 
F14.6G9 
F14.7A2 
FVU*Al2 
F14.15A6 

FlAlBHU 
F14.190I2 
F3.UB9 

Primary, day 10 S1.7F4 
SU?C5 
SU26FU 
F^27F7 
SL4B2 
S1-19C6 
S1.23CS 
S1-27E7 
R13.16G2 



S1070U) 

Si(P(VlhPFU^t 
S107CYI>PFL16.1 
S107(V1>PFL16.1 
3107(V1>-DFLI«-1 



1/234 
0/299 
0/299 
0/298 
0/281 



SlOTCVl^DFUe.l'O* 0/279 

J5S8(V$0)-t>SP2-3.J3 l*/2« 

S107+ 

NJO. „_ 

JS5S(V2'12>DLF16^J3 0/268" 
V71S3Q4.29>DFL16.»-J2 0/272 

J558C8X0M352J4 0/2^ 
J558-DFUW4 



AF0072W. 

Biosystems Inc., Foster City. CA) was performed el 
Sbp-das F^ity of the Albert A*"™** 
of Seine. Analysis of s^u^c^ ^ perform^ 
with Genetics Comparison Group (GCG) software, 
version 8.0 (Madison, WI). 



3l Results 

3 J. JBcl-2 transgenic mix* mount normal anti-PC serum 
antibody responses 

BALB/c mice constitatively expressing bcl-2 in B 
eeBslbavJ increased number* of circulating B od^ end 
enlarged spleens but no inct^ in wium uters ot 
anu-PC or ant>DNA antibody ^ * '"jf** 
a», Following nnmunizaoon with FOKLH, ocw 
2L£nk mice mounted Priory and ^ary- 
SHgM and IgG ami-PC responses thnt ww com- 
parable to non-uansgenic Htterniate. control (Fig. 1). 
The titers of serum anU-daDKA anybodies did n°tnse 
following primary or secondary PC inunuuteation m 
either bcl-2 transgenic or control mice- (data not 
shown). 



3.2. Three days after PC immunization the prtnary B 
cell response is dominated by the canonical T15 
antibody 

The serum response to PC in BALB/o mice k dom> 
nated by T15 antibodi^ encoded by the $107 jr, 
Savy cLun gene and the V«22 
(Crews et ai, 1981)- In order to see if overexpie^oa 
oflbcK altered B cell selection, we characterized sple- 
»L B aS. PC-KLH iinmunized bcl-2 transgenic 
See B cell fusions were performed 3 days after p»- 
S£ tomunization with PC-KLH. J««ty-nme PC 
Wing lines were obtained; all P«>^ ^ ^„ 
bodies RNA dot blot analysis showed that 24^9 
JS£) of the lines pressed a S107 V„ gene. ^ateen 
Us were cloned. Five S107 V H «qpressing clones were 
randomly selected for seqi^cnlg (suromax^ to 
S5el). Four expressed thai S107(V )-DFLl&l 
heavy chain antibody rearrangement present ta canoni- 
cal anti-PC antibodies, while one done J14.2F6) 

• expressed the S107(V1) gene in association with a»on- 

• canonical D region (GenBank accession mantes 
F044224-AF044230). Only one mutabon was WuuOUi 
these five heavy chains, for a fow overa^utjbon ^fre- 
quency of less than 0.1% (1/1461 V"**™"** 
Sd be expected early in a primary antibody v* 
Iponse. Also similar to the response a wM type 
BALB/c mice, the light chain sequences from thes e five 
clones were encoded by unmutated canonical v K zz 

Ending of most antibodies to PC was "niparabte 
to PC2uTa canonical S107(V1)V„ and V*22 encoded 
Lti-PC antibody (Fig. 2). consistent withthe obser- 
vation that most antibodies had the same VDJ and VJ 
rearrangement as PC2u, without somanc mutation. 
STpS, none" bound to dsDNA, demonstrably 
that by day 3 after immunization, there was pttmarfy 
recruitment of canonical non-crossreactivc anti-PC B 
cTusin bd-2 transgenic mice and no detectable altera- 
tion in B cell selection (Table 1). 

33 Ten days after PC immuntzattort, the primary 
response includes crofsreqetive anti-PC, anH-dsDNA B 
cells 

To determine whether somatic mutation might Jead 
to the B«oeration of crossreactive antt-PC, ^^-DNA 
B cells, we obtained nine IgM anti-PC clones 10 days 
aft" pihnW immunization with PC-KLH. Six of 
ftese wSocrossreactive with d^DNA. Thwe crossr^o- 
tive clones were not uniformly of high ;aJSmty for PC, 
JaTy three clones (S1.4B2, S1.19C6, SlW **** 
binding to PCBSA which waS comparable to *"of 
the canonical PC2^ antibody. Two of the six, S1.4B2 
awl S.27E7, displayed binding to dsDNA comparable 
Slbat of hybridoma FlOOblO^, a crossreactive IgM 
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Day 10 Primary anti-PC Response 




qPC binding 
□dsPNft binding 



sitlil. I| 111 I 

* 35 5 S " S « <o 5 2 

* , rrf WPC doe* from .lay 3 ^ primary i"*>^^ H*/^ 

i. ( ^Ctoto^^a™«l by EU5A. PC2|x. * canooioi ™*^' priiUy imimrafctfioB. Hybrids wp* 



anfi-PC, anti-dsDNA done that has been 

SoVn to deposit in renal glomeruli (R*V « al., 1*W> 

^feS^t blot analysis and «^^i2!wS 
heavy chains revealed that only three 3ow» V}-™*> 
SnTLd F4.27F7) espied the S107(V1) gen* 



the other "« clones used Y H genes derived fro* the 
i?5o and V7183 families (CtenBank acce^on nunbers 
AF044232-AF044239). Thus, by day 10^^ 
xnuniz^tion. there «*• evidence of ^^^^ 
cnoni^, potentklly pathojemc crossreactoTe B ee»» 
into the anti-PC response. Sequence analyse of the 
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p ^ tt tLiMokcui* * 0999) 02-479 



IgO anb^PC IgG tybndona^ pwqw& — ^ 6 raotalid» 



Controls 

Secondary* day 3 
Secondary, day 10 



JgQcldnfia 



IgGZbwaXKkfd 
FUC4 

F520C4 

F5.26EU 

FIQ.15H3 

Fl(U*HS 

Ft«U0F6 

FI0.35F9 



PC binding 

0.602 
1.226 
0^73 

2-305 

0.353 
QJ48 
1.010 
1-680 

asss 

0.301 
1.153 



ccossrsactive antibodies shewed that the Vh * 

S Slntibodics Tvere mutated: howevar. the D 



S107(V1) 
V7L83(V283) 

S107(Vl) 



19/220 
5/222 



segn^ts w«* not completely homology te jbwja 

gS sequences, suggesting that the* 

Say U somatically mutated (summanzed in Tab* 1). 



S 7 



1 
1 



OJ 



1 





























109 « » 

rooiar mrte of ftrttioncl*B cmlbody 




w-. «3«n woe co-irtCTjbated with *=rUl titattOn* of tabelefl 

*■ noa-«h«£«n« ELBA. J^-f^ a ^ ^mcT(0 .0*1*1 

itama wnamaiiB from F7.1SP4 Bna , r '^^ . v _i ,;., K j 
£an and Wild » dsDNA. tat do not bind PC (dasfed 

|£t MBn£~» of PC binding! 0ft Mh^ccnumi .f Jf** 



3.4. Crossreactivity to dsDNA disappears titer 
secondary immunization 

To determine whether crossreactive B cells from 
mice would be pcesent in the 
2? compartment, bybridomas were d^ froB ^ 
riwmaPC-KXH boost (Table 2); ten feG «tf»-PC 
aZs were obtained; none was erosive 
dsDNA (data not shown). Only two clones, FI-2B10 

Sain gene, demonstrating that n«K^, ^ 

do iransit into the memory X'f^SFT: 
although those that crossreact with dsDNAdo not. 
Three I*G anti-PC antibodies were selected for 
police analysis. All contained multiple *>™*» ™£_ . 
tations in the heavy chaw genes, consistent with a sec- 
ondary immune response (Table 2). 

SSuse IgM antibodies are peninmew and IgG 
JEodto a?e monomers. IgM anybodies nught be 
more easily detected in an antigen binding assay. To 
StS Whether the lack of dsDNA bin^ by the 
IgO anti-PC antibodies reflected the reduced avlditf of 
So compared to IgM, we u«d ^ 
chain antibody to crosslink the JgO J^°™£_ 
Fojmation of antibody complexes m this manner arn- 
fiS enhances the avidity of binding. As can be seen 
fSm Bg. 3, an appropriate ratio of 
body dramatically increased bmdmg to PC-KJ-H- 
fixation of ^sslinWnj ; anujody 

was used in a dsDNA EUSA 

binding was observed, demonstrating that the lade of 



PAGE 36/41 * RCVD AT 11)23/2004 6:20:34 PM [Eastern Standard Time] ■ SVR:USPT0-EFXRF-1/4 1 DNIS:8729306 * CSID:312S951766 * DURATION (mm-ss):12-48 



Nov-23-2004 06 : 25pm F rora-Howray , S inon , Arnol d & White 



3125951766 



T-616 P. 037/041 F-829 



* Ku* *t d. [ Mote&r immmotoV Jf f iW 471-479 



477 



cros^vity cannot be plained by a reduced avid- 
ity for antigen. 

4. Discussion 

Current theories of uutommiunfty often PJ*V* 
calXfor molecuta mimtefy "^^g^srt 
autoreactive T and B cells (Zhao d al., 1998, Wss " 
i iWT Crosareac«ive T and B cells recognizing both 
ffoS" SSTX self antigen s be acdvated 

oogenic context. There is increasing ™^ J™* ~ 
antiem mav then perpetuate the activation of gtoss- 
^X^PhS S that were ^"J^ 
Antigen. We have been studying the anybody response 
toPC, a component Of bacterial P*""*** J? 
Sm3/c mice. While the serum response 
^Lnunization is dominated by »^ 
¥lTidiotype encoded by r***" 
region gene and a r^tnc^ of 

by somatic cell, fusion with Ni>o , a j» ^ »j 
Uifi that constituttvdy overdresses bcl-2. 

Given the observation that crossreactive B cete can 
hc^STfion apoptosia by fusion with a bd-2 
Sn^nTcellwe «J»1 whether i» vivo overe*pres- 

the lecruitoent of autoreactive cells into the jwondary 
mS? Bd-2 has been shown to prolong snrvrval of 
SStive cdte, but these ^^JSneneS 
inactive state. In mice pressing both " 
EL* antibody and membrane bound hen egg 
STat transgenes, autoreactive B cej roubndy 
5 *go ddenon and are uot « - jg— £ 

^TlflStU^ 

STthe bone marrow, but survive for onfera short 
rime and in a 'developmental^ arrested state. 
SaSin mice expressing both an anti-K" anybody 
Sf F'lTS%ipSy. S ee» expression of bd-2 
Si to prolong BceH survival but no ^vaUonof 
SSody secretion (Lang el aL, 1997). In these models, 
Ker there was no antigen pr«en^oo and no 
antigen specific T edtt help «^ •"JfJ^ 
ftiitoreacdve B cells. Thus, the lack of B ceu 
SLve resulted from a lack of necessary eo-shmu- 

"Sthe study described here, we asked whether auto- 
reactive B ills rescued from apoptosis by a bd-2 



transcenE be activated in vivo by molecular ' 

aHSS PC, a component of bacterial poly- 

^on with dsDNA and many anu-PC 
crossreart with PWA. Furthermore, ^mu^auon of 
r AT^t mice with P&carrier has previously been 

S^STcells generated during primary or second- 
arv anti-PC antibody responses. 

In both wild type and bcl-2 transgenic mice, there 
JtZZjZE** of anti-DNA antibody and ^o 
ri2 bVauti-DNA antibody titer following primary and 
^" immunization. During the late prtaary re- 
it was possible to ™** <*^*? 
B ceDs as cx^S^^X 
nly tJ^ded by unmutated 
£EST«i*5 ^ the bd-2 transge^my 
atow^osscSve B cells to exit the bone yarrow, 
it distent with previous studies m autoanti- 
bodv transftenie mice, as discussed above (Hartwdl et 

a£^S?Laug * aL > ^ abseace is 8 ^ 

tive B Mils early in the response may reflect mo« 
effective competition for antigen by the canonical T15 
Ss, or a higher frequency of tms done m 

" a ^£ presence of crossreactive B cells at day 
loSwing mtmunization, no^ssxeac^O pro- 
dnctaff B cells were obtained from spknocytes dunng 
2f2ona^ response. This observation could reflect 
the fo^Tof ei^r positive selection of non-autoreao- 
^d«cT<« negative selection against autoreactive 
S55R hnpormnt to note that at •gthr-^ 
«active B ceti clones, S1.4B2, S1.1AC6, Sli7B7, 
bound to PC as well as the canonical ^-codrf 
antibody, suggesting that these wossreactrve B caUs 
would compete eflectively for antigen and undergo 
podtivc sStion. Because affinity ntatumtion , «not» 
Characteristic of the anti-PC respotwe i™****™ 
ao date to suggest that mntatton in <f ^ Pnmary^r 
^ndatv resoonse leads to increased PC binding con- 
SaTw^TSiTDNA binding, we betieve that 
^ absence of orossreactivity m the secondaiy. re- 
sLnse suggests that a tolerance dieckpoint oasts 
S imStely before, or within the memory com- 
pWenTcyster et al. (1994) ha-, ^own that aner- 
^BccUs adoptively transferred into n°n-anerg*ed 
E arTuLbleto enter B cell folUdes (Goo dnow^ 
iSo) A similar ate appears to exist for the crossreac- 
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cells that were pi*** at .lay 10oT to prjmary£ 
apoiwe, such that tbcy were not rented utto a sec 

^eTa? o£ have MJatAJ 
mispressing a difienmt beW transgene awl mnnu- 
5S S^Lphenylarsonate display crossreacttve 

Lt is at least one log higher than to afimAy of 
cdU found in the primary response. P«haps 
SLed affinity help. «** °° to 

-Bcplains the survival of crossreactive B celta i m TO 
Senate memory response. It is also P-^ethat 
because of differences in the ^ tonsgene used £ 
5££U studied by Hande et al. (1998), there may he 
. adlffensnt level of egression or tunms 0 ^?£?'5j 
of the bcM transgene in the arsenate umnunized oxce 
2 a rpemdts crossreactive ceUe to eater a memory com- 
SSchS-I^eschamps at al. 1993; Haldar et aL, . 
iSTStSSuO, 1993; Beed, 1997). Finally, and per- 
o^'mTSwy. the difference in the survival of cross- 
reactive B cells in the secondary response may retect 
SIm K. fienetic backgrounds of the mice. For 
S, £ bd-2 transgene in the S1U mouse leads to 
fuSmunW and hmus-like disease. The same trans- 
like in C57BL/6 nu^do« not 
£d to autoantibody titers or nephritis (Strasser et al.. 

l9 Sui data suggest that crossreactive B cells arising to 
BALBfc mto during en ongoing response to foreign 
S^faS toh*i following antigenic stimulation 
2£ not maintained for recruitment mto a second- 
ary immune response. Based on this observation, ^ 
would speculate that the regulation of naive B db 
SfbX stringent than to regulation^ . fanng« 
Suvated B cells. Thus, crossreactive B cells from tt* 
wive B cell repertoire are present in a prmmy 

immune response but ^ 1 S^SS^£jZ- 
ondary response. The preferential survival 
SvTb ce£ from the naive B cett repertoire would 
5£nit existence of a naive B «U mpeito*e capable of 

S the largest -"^fSf^ e tS 
stringent selection of memory B -ceus wow* 
to d^lopment of potentially ^ 0 f^^ r ^2 a 
' icy B cells about to secrete IgG antibody or enter a 

ong lived memory compartment appear to be toler- 
55 while resting naive autoreactive B eft jw 
vSi Thus, it appears that regulation serves to 
^.repertoire, ^bile stiU protecUng against 

S^pmsence of pathogenic autoantibodies » the serum 

response. 
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